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SPATIAL MANAGEMENT OF DATA
ABSTRACT

Spatial Data Management is a technique for organizing and
retrieving information by positioning it in a Graphical

Data Space (GDS). This Graphical Data Space is viewed
I. through a color raster scan display which enables users to

traverse the GUS surface or zoom into the image to obtain
greater detail. In contrast to conventional database
management systems in which users access data by asking
questions in a formal query language, a Spatial Data
Management System (SDMS) presents the information graphi-
cally in a form which seems to encourage browsing and to
require less prior knowledge of the contents and orgariiza-
tion of the database

Ii This paper presents an overview of the SDMS concept and
describes its implementation in a prototype system for
retrieving information from both a symbolic database
management system and from an optical videodisk.
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1. INTRODUCTION

L
L Spatial Data Management is motivated by the needs of a

growing community of people who need to access information

[in a database management system (DBMS) but who are not

trained in the use of such systems. The information in an

SDMS is expressed in graphical form and presented in a

I spatial framework, so that the information is more acces-

sible and its structure is more obvious than in a conven-

I. tional DBMS. In this way, a user can find the information

he seeks without ha'ing to specify it precisely or know

exactly where in the DBMS it is stored.

I The graphical data space is accessed through a set of

[three color, raster-scan displays as illustrated in Figure

I. The left-most of the three screens presents a "world-

view" map of the entire data surface. A magnified portion

of this -ata surface is simultaneously displayed on the

main screen in the center. The location on the data sur-

face of this magnified portion is indicated by a

highlighted rectangle which appears on the world-view map.

The user can control which portion of the data surface

appears on the main display by pressing on the Joy stick

Ishown in the foreground of the figure in the user's left

A Lhand. Pressing the Joy stick in any given direction

causes the user's magnified window to move in that diree-

!I
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tion over the data surface. This motion is reflected in

I the corresponding motion of the highlighted rectangle on

the world-view map.I
The data presented to the user on the main di Slay cati

come from a variety of sources. The three sources

described in this paper are:

1. images stored as bit-arrays on a digital disk,

2. a symbolic database management system, and

3. an optical videodisk.

The use of the system is best illustrated through an

extended example, given in Section 2.

Section 3 contrasts SDMS with conventional database

management systems.

Section 4 details the use of the optical videodisk for

storage and retrieval of analogue video information.

Section 5 describes some additional features of the system

for defining the relationship between graphical and sym-

Ibolic representations or data.
I Finally, Section 6 gives a brief account of the progress

on the implementation of the SDMS prototype.I
I
I
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2. EXAMPLE

This section illustrates the use of SDMS as an interface

to a symbolic database management system.

The user in this example is examining a database of ships.

This database originated as a conventional database

managed by the INGRES database management system [HELD,

STONEBRAKER, WONG]. A fragment of the SHIP relation in

the DBMS is shown in table 1.

1. The procedure through which the database administrator

produced the graphical representation used in the example

[i is described in Section 2.2.

I

I
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fuic .nam itypel natl ircsibeam: ready;
i-------------------------------------i

1N00001:CONsTELLATION ICV !US :NABc: 13011
NOO0O21KENNEDY JF 'CY US INABD: 130:11
NOOOO31KITTY HAWK :cv !US INABE: 130:2
1NO00041AMERICA ICY :US :NABF: 130:5 1
NOOOO51SARATOGA ICV :US NABG: 130:1 1
:NOOOO61INDEPENDENCE :cv :US 1NABII: 130:1
:NOQO71LOS ANGELES jSSN !US 1NABI1 3311
1N000081BATON ROUGE :SSN !US 1NABJ1 33:1
:N000091PHILADELPHIA jSSN !US 1NABK1 33:1
NO001O1STURGEON jSSN !US 1NABLI 32:1
INOOO11:WHALE 1SSN !US INABM1 3211
NO00121TAUTOG ISSN !US jNABN1 32:1.
NO00131GRAYLING ISSN !US :NABOI 3211
1NO001 1 PQGY jSSN !UJS INABP1 321

* N00015.-ASPRO jSSN !US INABQ: 32:1
1NOOO161SUNFISH :ssN :US 1NABRI 32:1
NO00171CALIFORNIA jCGN ;US !NABS: 61:11
:NOooi81SOUTH CAROLINA :CGN :US jNABTj 6111
1NO0191DANIELS J :CG !US INABUI 55:11
1NO00201WAINWRIGHT 'CG IUS NABV, 5511
NO00211JOUETT ICG !US :NABW: 5511
INOOO221HQRNE 1CG !US NABX1 5511
1N000231STERETT 1CG !US INABY1 55:3
1NO0024:STANDLEY WH 1CG :US INABZ: 55:1L N00025:F0X . CG !US3 1NACP1 551
INOOO261BIDDLE 1CG !US ;NACB1 55:1 1
:N000271LEAHY 1CG !US5 INACC1 5514
INOOO281YARNELL HE 1CC !US jNACD: 551
NOOO291WORDEN 1CG !US 1NACE: 5511

I N000301IDALE 1CC ;US jNACF1 5511
NO00311TURNER RK ;CG !US INACG: 55:11F 1NO0O32!GRIDLEY 1CG :US jNACH1 5511
:NO0O33IENGLAND CC !US :NACI: 55:11
:NOOO34I1HAL.SEY :CG :US INACJI 5511
1FNOOO351REEVES jCG :US 1NACK: 5513
1NOOO361ADAMS CF IDOG US IN 47:1 1
NO00401BARNEY :DDG 115 jNACPj 47:11
IIN00O411WILSON HB IDDC !US iNACQ1 4711
INOOO421MCCORMICK L IDDC US. :NACRI 4711
NOOO43ITOWERS jDDG !US 1NACS! 4711
IN0OO441SELLERS jDDG !US 1NACTI 47:11
I NOOO45IROBISON IDDG !US 1NACUI 47:11

-------------------------------------

Table 1: Ship database
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i

2.1 Retrieval of Data

'i
'[ Figures 2 through-6 illustrate the use of SDMS by a user

to retrieve information from the database.

Figure 2 shows the world-view map presented on the left

1. most of the three screens. It is an all-encompassing view

of the data laid out on the graphical data surface. The

map has been divided into two rows, one for each oi the

two countries having ships in the database. Each row isI.

further divided into columns, one for each class of ship.

K Within each column, each ship is represented by a colored

shape, refered to as an icon.Ii

The color of each icon indicates the ship's readiness, one

of the attributes of each ship in the symbolic database.

ii Green indicates the highest readiness, followed by yellow,

orange, and red.

The size of each icon is a function of the beam of its

associated ship. This is most apparent among the Russian

carriers located in the lower left corner of the data sur-

1face.

In the blue section in the center of the top row, one can

see a highlighted rectangle which indicates the portion of

0 the data surface which is shown in the magnified view

presented on the main display. The position of this

I\
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rectangle, and thus the portion of the data surface shown

on the main display, is controlled by the joy stick shown

in figure 1.

Figure 3 shows the main data display which appears on the

center screen. Notice that while the position and color

of the ships is the same as in the highlighted rectangle

of the world view map, th'e magnified view is more

detailed. The icons have a more detailed shape, and each

shape has two text strings beneath it which give the

ship's name and international radio call sign.

Given this graphical view of the symbolic database, let us

see how a user would go about retrieving information on a

specific ship, in this case the "Horne". In order to do

so, he pulls the joy stick down towards him, indicating

that he wishes to move the magnified view down towards the

bottom of the data surface. When the Horne is in the

center of the screen, as shown in Figure 4, he releases

the joy stick.

Now, in order to get a more detailed view, he twists the

joy stick clockwise, instructing the system to expand the

magnification of the picture shown on the screen. One

instant in this zooming process is captured in figure 5.

Once the machine has magnified the image, it then adds

more detail as shown in figure 6. The outline of the ship

7" ..-7 7 . . .... ,.. - : : , -" , , :. ..\''. 2
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becomes more detailed, and the space under the ship is

filled with values of attributes from the symbolic data-

base.

At this point, the user has a choice of actions. He can

move laterally across the data surface and examine simi-

larly detailed views of adjacent ship icons. lie can twist

the joystick in the counterclockwise direction to return

to the less detailed views of figures 4 and 5. Thirdly,

if the database administrator had provided for it, the

user could once again twist the joystick clockwise and

magnify the view of Figure 6, resulting in a still more

detailed icon with yet more attribute values displayed.

1 2.2 Creation of the Graphical Data Surface

The preceding paragraphs described how a user might use a

graphical view of a symbolic database to retrieve some

information. In order to construct such a view, the data-

base administrator must first describe to the system how

[ each icon should appear and then instruct the system to

create a data surface of icons- for selected tuples in the

database management system.4t1E

'U
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2..2.1 Icon Class DescriptionA
The SDMS provides the database administrator with a tool

for describing the appearance of each icon as a function

of attributes of tuples in the DBMS. That tool is the

-I. Icon Class Description Language (ICDL). It consists of a

series of statements, each of which accept some attribute

value and perform some graphical operation. The ICDL

which was used to generate the icons shown in the preced-

ing example is given in Figure 7.

I.

i

16

I
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icon class cluster(r)
1. begin

maximum size is (110,60);
position is

I (case r.type begin
"CV" :800

"SSN" :1600
i"SSBN" :1600
"SSGN" :1600
"CGN" :2500
"1CG" :2500
"CA" :2500
"DDG" :3200
"1FF"1 :3200
"AGI" :3200
"1AO"1 :4000

default :1600
end, case r..nat begin

"US" :1200
"1UR" : 2000

default :2500
end );

template icon case r.type begin
i "CV" :1
"SSN" :2
"SSBN" :2
"SSGN" :2
"CGN" :3
ItCG It : 3
"CA"1 :

DDG" " 4

"FF" :4
"AGI" : 4
SAO,, :5

i default :2
i end;

scale is r.beam*2 percent;

color of region 1 is
case r.ready begin

" 1" :green
"2" :yellow
"3" :orange
"II" :red
default: gray
end ;

attribute region r.nam from (5,16) to (70,28);
attribute region r.ircs from (5,28) to (70,40);

end;

Figure 7: Icon Class Description

I
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The position statement determines the placement of the

I. icon on the data surface. In the example, it maps the

ship's type into x-coordinates and nationality into y-

coordinates.

The template statement specifies the shape of the icon by

selecting among a set of pictures which have previously

been drawn by the database administrator.

The scale statement specifies the size of the icon aJ a

I function of the beam of the ship.

The color statement specifies the color of each ship

according to its readiness. Finally, the two attribute

region statements place the values of te ship's name and

international radio call sign into the specified locations

in the icon.

[ 2.2.2 The Association Statement

Having given the rules for the appearance of each icon,

the database administrator creates the graphical represen-

4tation using the associate statement. This causes SDMS to

select particular tuples from a specified relation in the

I database and to create icon3 from them based on the desig-

If nated icon class description.

I
I'
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To generate the graphical data surface of the preceding

example, the database administrator would type:

associate ship using cluster

. This causes SDRS to retrieve the tuples from the relation

SHIP and pass them one at a time to a module which inter-

prets the ICDL "cluster", using the values of the attri-

butes of the tuple. For each such tuple, an icon is

created on the graphical data surface.

The associate statement also permits the use of a qualifi-

cation to select tuples. For example, a graphical data

surface containing icons for those ships having a readi-

*. ness of other than 1 could be created by typing:

associate ship using cluster where ship.ready != 1

IThis allows the combination of the capabilities of sym-

bolic and graphic retrieval in searching for information.

. I..

F
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3. CONTRASTS TO CONVENTIONAL DBMS

As can be seen from the above example, a Spatial Data

Management System offers several advantages over conven-

tional, keyboard-oriented database management systems,

including those offering natural language or "English-

like" user interfaces. This section discusses six such

advantages:,

1. Motion through the database is simple and natural.

*. 2. The database is its own data dictionary.

3. The presentation of the data encourages browsing.

4. The placement of the data can convey information.

5. Graphics can be used to convey information.

6. The system can accommodate many unique data types

4 1such as photographs.

1 3.1 Motion Controls

The joy stick of SDMS provides a simple and natural means

F of moving through the database. By using one control, the

joy stick, the user can explore the entire database. On

the other hand, symbolic query languages, such as QUEL

[YOUSSEFI, et al.], require the use of a special syntax

and semantics. Even in natural language systems, where

1 l
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I
the syntax is widely known and the semantics relatively

intuitive, the user must learn the structure and contents

Tof the database before he can find anything. In contrast,

the data in an SDMS can be displayed in a manner which

makes the contents and structure readily apparent, and

does not require any prior knowledge of the structure of

the database in order to retrieve information from it.

1. 3.2 The Graphical Data Space as its own Data Dictionary

A conventional DBMS requires the use of a data dictionary

to inform the user of the structure of the database. Even

natural language user interfaces suffer from the problem

[ of educating the user as to what queries may be answered

from the information contained in the database. In con-

trast, the graphical data space of SDMS is its -wn data

I description. Rather than specify a relation and attribute

name, the user merely traverses the data surface until he

[reaches the desired information, at which point the data

is laid out in front of him.

Data types are shown by example. As there will be many

such examples displayed on the data surface, they serve

not only to display the data type which is permitted, but

they also reveal the values of the data which are typi-

I
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cally used. This property informs the user of the ranges

j of the data or the shades of meaning often obscured by

attribute names such as "remarks" or "comments". Since

the values of such attributes are displayed on the screen,

Lthe uses made of such fields may be readily ascertained.

3.3 Browsing

The user of an SDMS is almost always presented with a

display which gives him more information than he immedi-

ately needs. Within this presentation, finding the

required information is facilitated by the distinctive

visual qualities which can be imparted to the data. At

the same time, the "unsolicited" surrounding data makes it

[ possible for the user to browse through the database.

This is a difficult activity in a conventional database

[ ~ s"tem where every piece of data must be requested expli-

citly. While a small database may be printed out and

examined, the lack of any mechanism for placing related

data together would make such a techrique impractical for

very large databases. Likewise, it would be very tedious

to submit repeated queries and such a technique would be

ineffective if the user was not already familiar with the

contents and structure of the database.

I -
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In contrast, SDMS allows the database administrator to

arrange the information in the database according to any

chosen attributes. Once the user has positioned his window

in the vicinity of the data being sought, he can browse

through the surrounding area, letting the appearance of

the icons determine where he focuses his attention.

3.4 Using Icon Position to Convey Information

The placement of a particular icon can be used to aid *in

recalling a particular datum, in much the same way that a

person finds some needed information in his office by

recalling where he put the piece of paper on which it was

written.

The placement of an icon may also convey information

* directly. In the example of the preceding section, the

location of each ship indicated its nationality and type.

A personnel database could be arranged according to

seniority or salary. The user could then observe the

world-view map to get an overall picture, such as seeing

how many items were in each category, and he could move

his magnified window over some particular area to look at

[exceptional, extreme, or average values.

I7i* , E3,
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!
3.5 Graph.ic Representations1

-IGraphic representations are often the most vivid means of

conveying information, especially for aiding in the per-

ception of trends in large aggregations of data. The most

4familiar form of this technique is the histogram or the

graph, where numeric data is displayed in graphical form.

The graphical output facilites of SDMS make such display

of numeric data possible as a natural extension of the

system.

Graphical representations may also be used to advantage in

displaying trends in non-numeric data. For example, a

database of ships could be displayed against the back-

* ground of a map, with the wake behind each ship indicating

its speed and direction. With such a display, it would be
U

easy to spot trends that would be hard to formulate into

symbolic queries, such as a large number of ships heading

for the Middle East.

,[

11
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3.6 New Data Types

An SDMS is not restricted to data that originates as

numbers and character strings. The raster scan output

devices and digital storage of graphical data provide a

natural means of storing images such as photographs. The

prototype implementation at CCA also includes an optical

videodisk which can be controlled through SDMS to provide

for storing a very large number of video images.

S 1.

!

I-
111

I
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4. OPTICAL VIDEODISK

The CCA SDMS prototype incorporates an optical analogue

video disk player. Optical videodisks have a capacity of

54,000 images, which can viewed either an discrete photo-

graphs or in sequence as a motion picture. The same

number of images stored on a conventional magnetic digital

disk would require 10**11 bits, or 100 3330-type disk,.

The spatial, graphical access to information of SDMS pro-

vides a natural mechanism for retrieving spatial or graph-

ical information stored on the optical videodisk. Two

approaches are employed for accessing video disk images.

Data which is inherently spatial, such as a map, is

divided into sections small enough to be stored as indivi-

dual video frames. The user selects a particular frame

through the use of a digitally-stored map, as shown in

* Ifigure 8. He can traverse this data surface as he would

any other graphical data surface. When he zooms in to get

a closer look, the system displays the videodisk image

* jfrom the corresponding position.

A second method of accessing videodisk data is used for

accessing photographs which are not spatially related, as

would be the case with photographs of employees in a

personnel database. In this case, illustrated in figure

No
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- 9, the user once again begins with a digitally-stored

graphical data surface. This surface is populated with

discrete icons, one for each frame to be accessed. By

zooming in on a particular icon, the user can see the

associated frame. A variation on this scheme allows one

icon to be associated with a sequence of videodisk images.

-- When the icon is selected, that sequence may be examined

as a motion picture or as individual photographs, with the

user specifying the location in the sequence where he

wishes to begin.

The mixture of analogue and digital video in SDMS also

makes possible the editing of data which is stored on the

read-only video disk. As the output of the videodisk can

be directed to the center display screen at the same time

thnt it is displaying digitally-stored information, the

two can be superimposed, providing a means to overlay

analogue video with digital annotations. Alternatively,

[ the analogue video may be digitized and operated upon as

bit array data.

[
II

I
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5. DEFINING GRAPHICAL VIEWS

This section provides additional details on the relation-

ship between symbolic and graphical representations of

data in SDMS. It introduces several features not men-

tioned in the example of Section 2.

5.1 Dual Representation of Data

1. 5.1.1 Entities and Icons

! [ The SDMS allows the tuples of a relation in a symbolic

database management system (DBMS) to be represented in a

* igraphical data space (GDS).* The graphic representation of

a tuple is an icon. Those tuples having a graphic

representation are distinguished from other tuples and are

called entities. Each entity may be represented by more

than one icon. Conversely, each icon may be represented

by more than one entity.

I *In the CCA implementation of SDMS, the DBMS used is

" 5 INGRES, a relational database system [HELD, STONEBRAKER,
WONG]. The query language of INGRES is called QUEL.

_Aa
- 4-
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A goal of SDMS is to allow a user to refer to data via

graphic methods such as spatial search or via symbolic

* methods, such as using a QUEL retrieval statement. To

achieve this, SDMS provides a mapping between each entity

and its icon. This mapping is provided via a link which

logically connects the two. When an entity and icon are

linked, a selection of one implies a selection of the

other. In the query language of SDMS, the two selection

methods may be combined through the use of links.

Links are created by associating a tuple with an icon,

which makes the tuple an entity. There are two types of

associations in SDMS. The first type, the specific

association links a specific tuple to an existing icon.

It is most useful for recording symbolic information about

visual data, such as entering a description of the subject

matter of a photograph.

The second type, the class association, generates new

icons for one or more tuples in a relation. The class

association was used to create the graphical view of the

ship's database used in Section 2.

Specific associations are most useful for entering sym-

[bolic data for use in locating information that is

inherently graphical, while class associations are most

useful for creating graphical data for use in finding sym-

bolic data which is inherently symbolic. The class
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I
association eliminates the need for explicitly creating

and linking an icon to each tuple by providing an

-- automated mechanism for doing so.

5.1.2 Specific Associations

A specific association between a tuple and an icon creates

a link between the two. The tuple must already exist in

some relation at the time of the association. The icon

must also exist in the GDS at the time of the association.

Such icons will often be photographs or manually con-

structed diagrams. By creating tuples and linking them to

such an icon, the user can then locate specific icons by

f the use of symbolic queries. For example, a database of

paintings could be accessed by means of a work's artist,

year, nationality, genre, etc.

Specific associations can also be used in conjunction with

sub-icons (described in Section 5.5) to allow a class

[association to specify individual photographs. For exam-

ple, the icons for the employees in a personnel database

could each include a photograph of that employee.

I
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5.1.3 Class Associations

The class association is the principle tool for connecting

I the Graphical Data Space (GDS) to the DBMS. It is

intended primarily as a tool for the database

administrator (DIA).

A class association between a relation and the GDS causes

Ithe creation of icons which graphically represent the

tuples of the relation. The icons are placed in the GDS.

1i. It is possible to associate only a subset of the relation

Lby supplying a qualification which determines which tuples

are to be represented. It is also possible to have the

[placement of the new icons restricted to a particular rec-

tangular region of the GDS. The effects of such an asso-

ciation are:

1. For each tuple in the relation, an icon is created

Iand inserted into the GDS. If a qualification was

supplied, icons are created for only those tuples

which pass the qualification.

2. Each of these tuples and their corresponding icons

jare linked. The system will maintain the correspon-

dence hetween the two as the database is updated.

When a class association is made, an icon class descrip-

Ition may be specified which describes exactly how to draw

each icon. The icon class is essentially a picture where
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certain parameters may vary each time the picture is

drawn. These parameters include size, shape, color, posi-

tion and text strings. The values for these parameters

may depend on the data in the entity being represented.

Icon classes are discussed in Section 5.2.

When a class association is made, an explicit data depen-

dence is established between each entity and its

corresponding icon. This is manifested at first when the

system draws these icons such that they reflect the data

in the entity. Secondly, the data dependence serves to

insure that the icons which are created due to a class

association will always reflect the tuples they represent,

until the association is explicitly broken. Hence, if an

entity is updated, its corresponding icon is updated. If

an entity is deleted, its icon is erased. If new tuples

Iare added to the relation, they become entities if they

pass the qualification and new icons are created to

1.. represent them. The result is that the GDS always con-

tains a representation for the given relation. The GDS

Is serves as an alternate way to view the relation.

'I

II
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5.2 Icon Classes

An icon class is used in conjunction with a class associa-

tion. While specific and class associations are rela-

tively simple and may be performed by ordinary SDMS users,

the icon class description language (ICDL) is more complex

and is meant to be utilized primarily by the database

administrator.

An icon class description consists of a series of state-

ments which specify the appearance of the icon. Each

statement performs some graphical operation, such as

selecting a template picture, coloring some region, or

inserting some text. The values of arguments to an ICDL

statement may be taken from attributes of tuples retrieved

from INGRES.

An icon which is constructed from an icon class may have

its appearance defined at several levels of detail. This

allows the "zooming" effect as illustrated in Section 2,

by which a user sees a more detailed version of an icon by

[ magnifying it. The bit-array description for a single

level of detail is referred to as an image plane. The

pictures for each image plane originate as templates,

which are simply pictures drawn by the database adminis-

trator on a special image plane reserved for that purpose.

For example, the templates for ships might be drawn as
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follows: At the top-most (least detail) image plane, the

ship appears as a small rectangle. The second image plane

has a rough silhouette with the ship's name and radio call

sign beneath it. The third (most detailed) image plane is

Ia more detailed pictur showing some of the ship's super-

- structure. The ship's name, call sign, beam, draft, speed,

etc., appear beneath the picture. With such a descrip-

tion, a user who "zooms" in on such an icon will get more

detail as he gets closer.

Continuing with this example, we may want different draw-

A" ings for different types of ships. An icon class may

include a rule for selecting among several templates.

The parameters of an icon which may be controlled by an

[icon class description are:
r [1. maximum size: The maximum size of each icon may be

specified to prevent any one of them from becoming

too large. Since relative size is a picture parame-

ter, it is a good protection.

2. choice of picture: There may be several different

I| i pictures which serve as templates, depending upon.

the data in the tuple. in the example in Section 2

I I carriers had a different picture from destroyers.

If more than one picture is given, a rule for decid-

ing which picture to use must be provided.
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3. target position: The target position specifies the

exact location for an icon within the GDS. SDMS does

not let icons overlap, so if an icon can fit at the

target position, it will be placed there. Otherwise,

a location close to he target position is used.

4 color: Any region of the template may be colored. In

the example, the readiness determined the color ofI
each ship.

5. size: The template given for the description of an

icon class may be scaled. In the example, the size

was a function of the beam of each ship. The default

4 size is the size of the original template, up to the

maximum size for the icon class.

6. orientation: The picture may be oriented by some arbi-

[ trary angle. The default is the orientation of the

original template.

7. text: Text may be added to the picture. This text may

be a simple string or it could be the data from one or

more fields of the tuple.

II
I
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5.3 Using INGRES data

Each icon in the GDS may reflect the data in the entity it

represents. This is done by making the data in the entity

accessible from within the icon class description. It is

also possible to retrieve other tuples from any relation

in INGRES to aid in the description of an icon class.

There are two statements to perform retrievals. One

method is via the get statement. The get statement is

used when one tuple is needed in response to a query, as

in finding the beam of a particular ship. If more than

one tuple satisfies the qualification of the statement, an

error occurs. A second mechanism retrieves a set of tuples

from a relation, by means of a for loop statement. This

statement uses one or more statements which are executed

once for each tuple retrieved. The for loop construct

could be used to retrieve the previous positions of a ship

from a track history relation. Each position could then

be displayed as part of the wake of the ship.

I

I
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5.4 Sub-icons1.

Another feature of an icon class is the ability to have

sub-icons drawn within the area of an icon. This feature

allows the nesting of icons, for example displaying a

sub-icon for each employee within a department that is

represented by one icon. Sub-icons may be included to

overlay portions of the picture for some or all levels of

detail.

The sub-icon differs from a normal icon in that:

1. If the "parent" icon is moved, the sub-icons move

with it.

2. If the "parent" icon is erased, and its link broken,.1 all of its sub-icons are erased and their links are

broken.

15.5 SQUEL - The Query Language of SDMS

I
[ The query language of SDMS is a combination of QUEL, the

query language of INGRES, plus additions made for the

graphical environment of SDMS. The name SQUEL arises from

Spatial QUEry Language. Statements from QUEL can be

entered directly to SQUEL, as QUEL is a proper subset.

I
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Several commands are added to the original QUEL commands

to produce SQUEL.

1. blink <relation> where <qual>

Blink finds all the tuples which satisfy <qual>.

Any icons in the current I-Space which correspond to

those tuples will blink. They continue to blink

until a null blink command is entered or until the

user exits the system.

2. frame <relation> where <qual>

Similar to blink except that the appropriate icons

are framed, not blinked. Framing an icon simply

draws a rectangle around it. Framing is erased

similarly to blinking.

3. associate (relation> using <icdl> where <qual>

creates an icon for each tuple which meets the qual-

j ification. The appearance of each icon is deter-

mined by the given iedl.

4. find <tuple var> where <qual>

I Used for a rapid transit to the location of the icon

corresponding to the tuple retrieved. If more than

one tuple is retrieved, or i.f it is represented in

more than one place in the GDS, the user is asked to

decide upon which one to go to. Confirmation is

i llrequired before the move actually occurs.

I
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5. point

I Informs SDMS that the user will point to an icon. When

he does, the data in the tuple corresponding to the

selected icon is displayed on the graphics screen, or

1on the text display.

1 6. change

Informs SDMS that the user will point to a position

within an icon. This signals that the user will

- update the attribute displayed there. The user then

-enters the new value for the attribute and the update

is made immediately. This allows the user to update

the database without requiring any symbolic specifica-

tion of the target of the updating operation.

I
* [

i

I
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6. SDMS PIo'Iro'rYPE IMPLEMENTA'lON

*1

I This section describes the particular prototype of SDMS

implemented at Computer Corporation of America. An ear-

lier implementation of SDMS which utilized manually

I entered images, as opposed to data derived from a symbolic

database, was built at the Architecture Machine Group at

jthe Massachusetts Institute of Technology and is described

in [DONELSON] and [BOLT].

1
6.1 System Environment

The prototype SDMS is written in the C language, running

under the Unix operating system on a DEC PDP11/70. The

1machine has I megabyte of primary memory and 176 megabytes

[of moving-head disk storage. Much of the memory is used

for storage and manipulation of the bit-map representa-

[tions of icons and graphical data spaces.

II The graphical data space is viewed via a Lexidata frame

buffer display. This display- has its own 48Ox64Ox8 bit

memory from which the image on the color television screen

is generated.

I1"



W I :;I'AT'V ISATI. MANA(;I.:MI.N 1.' I A IA I'dg(, -33--;I I:; I'I 'OrTO 'Y E | I'I,:II .1MNTA'ION Sec ti . 6

SI

6.2 Schedule

IThe SDMS prototype implementation effort has been underway
for a little over a year. The current version of the sys-

tem provides all of the facilities described in Section 2

for moving about the graphical data surface and generating

graphical views of symbolic data. Some of the advanced

. features described in Section 5, such as sub-icons, ,et,

for-loop, blink, frame, and change are planned for imple-

mentation by this coming fall.

"" The current implementation consists of approximately

[ 40,000 lines of code.

i
[

I
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